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GENERAL ELECTROMAGNETIC THEORY
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does work there and sends energy out from that part of the
circuit to the medium. Such a surface we have between the
zinc and the acid in the cell. The line integral of ^the electric
force across the surface is the difference of potential V on its
two sides and the line integral of the magnetic force round the
conductor is 47ry. Hence by the rule (p. 215 above) the energy-
sent out per unit of time from this part of the circuit is
V x 47ry/47r = Fy, which is the well-known rate of working
against the opposing difference of potential. Part of this passes
into the connecting wire which forms the external resistance,
since there the electric force is with the current and is converted
into heat; part is sent into the surface separating the copper
from the acid, and goes to supply the potential energy required
for the separated hydrogen given off at the copper plate; the
remainder passes to the acid to be dissipated in heat or used in
effecting any chemical change which may there take place. It
is to be observed that, as before, the quantity dissipated in heat
in the conductor is equal to the line integral of the electric
force along it (that is the difference of potential between its
extremities) multiplied by l/4n- of the line integral of the mag-
netic force round the conductor, that is by -y.

It must be noticed that the theory appears to negative the
view that there exists on the two sides of the surface of separa-
tion \of the zinc and copper a finite difference of potential. For
if the theory be true there is no real transference of energy along
the conductor, and the energy, if any, received at the 'junction
between the zinc and copper ought to produce there some effect.
The .drop in potential from zinc to copper shown by ordinary
contact methods is so considerable, that, on the supposition of
its reality, the energy there received should form a large pro-
portion of the total energy given out elsewhere. No effect is
however observed. This result does not, in view of the observed
contact difference of potentials, necessarily decide against the
theory of flow of energy, as the apparent contact difference
between zinc and copper involves zinc-air and air-copper contact
differences of potential which as yet we have no means of
directly measuring.

If work is done at any part of the circuit otherwise than in
generating heat, as for example in driving a motor, or in
effecting chemical decomposition, there is a flow of energy to
that part of the circuit corresponding to the difference of
potential which exists between its terminals^. Such a case may
be taken as illustrated by the equipotential surfaces 4, 5, 6
shown in Fig. 45, proceeding to one part of the circuit from
that part through which pass all the equipotential surfaces, and,rvations, and fromJliis the value of           |V
